Fatty Acid Composition of Individual Phospholipids of Influenza Virus
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The different fatty acid compositions of various strains of influenza virus are derived from homologous membranes such as the cells lining the allantoic sac of the embryonated chick egg (Tiffany & Blough, I969) . The lipoprotein-complex theory of membrane structure (Benson, I966; Green & Perdue, I966; Wallach & Gordon, I968) , as applicable to myxoviruses, suggests that lipids are bound specifically to apolar regions of the envelope polypeptide by hydrophobic interactions (Tiffany & Blough, I969) . If this hypothesis is correct, differences in molecular composition of the apolar paraffinic chains among various species of phospholipid are to be expected in order to permit the interaction of lipid and protein with maximum release of free energy. The purpose of this study was to test this hypothesis by comparison of the fatty acids of individual phospholipids in two strains of influenza virus.
The AO/pR8/34 and B/LEE/40 strains of influenza virus were propagated in the allantoic sac of I x-day-old embryonated eggs. To ensure a homogeneous population of virus, eggs were obtained from a single supplier and inoculated with the same strain of ~irus every other week (winter and spring months). The harvesting and purification of virus were as previously described (Blough et al. I967) . Virus was freeze-dried and stored at -2o ° until required. The extraction of lipids and their separation into neutral and polar lipid fractions on silicic acid columns have been described (Blough et al. ~967) . Phospholipids were separated into individual components on preparative plates of silica gel G (o-6 to I.O mm. thick) using the two-dimensional system of Abramson & Blecher 0964). After each dimensional run the solvents were removed from the plates with N2 using a plastic-covered spotting template (zz x zz × 2 cm.) equipped with inlet and outlet ports. Concurrent chromatography of known phospholipid standards (Applied Science Laboratories, State College, Pennsylvania; Pierce Chemicals, Rockford, Illinois) was under identical conditions in the same solvent tank. Phospholipids were localized by spraying the plates with bromothymol blue and the individual spots were recovered by scraping off the silica gel and transferring to microcolumns (Pasteur pipettes) containing glass wool. Lipids were eluted by washing the columns with CHCla-CH3OH (~ : ~, v/v) followed by CH3OH, and the samples were taken to dryness in vacuo in a rotatory evaporator. Methyl esters were prepared by catalytic transesterification using BC13-CHaOH (Blough & Lawson, I968) . Esterified fatty acids were separated from bromothymol blue by addition of a few drops of saturated NaC1 and the methyl esters partitioned by adding o'z5 ml. of freshly-distilled n-hexane; the mixture was swirled gently by hand and the phases separated by low-speed centrifugation. The upper phase containing the methyl esters was colourless and the bromothymol blue layer yellow; this facilitated removal. This procedure was repeated twice and the methyl esters concentrated in Concentratubes (Laboratory Research Co, Los Angeles, California) by evaporation of the solvent using a stream of N2. Methyl esters of the polar lipid fraction (phospholipids and ceramide hexosides) and of individual phospholipids were analysed isothermally by gas-liquid chromatography on ISo cm. columns of ethylene glycol succinate polyester on Anakrom ABS using a Barber-Colman 5ooo instrument equipped with a flame ionization detector. Short communications Gas-liquid chromatography of the methyl esters of purified egg phosphatidylcholine (Applied Science Laboratories, State College, Pennsylvania), before and after thin-layer chromatography, showed the fatty-acid profile to be essentially unchanged.
The fatty acid composition of the polar lipid fraction obtained following silicic acid column chromatography (Table I) was as previously reported (Tiffany & Blough, I969) except that with strain B/LEE/40 an 'uncharacterized' peak was identified as a C22:~o~no using PUFA standards (Supelco, Inc, Bellefonte, Pennsylvania).
Analysis of individual phospholipids of both strains of virus revealed unique differences. Thus long-chain saturates (C20:0, C22:0, C24:0) were prominent in sphingomyelin; phosphatidylethanolamine was enriched in oleic acid (Table 2 ). Polyunsaturated fatty acids (C~0:4, C22:~o:y~) were prevalent in phosphatidylserine and phosphatidylethanolamine. With the exception of Ca2:vo,.,~,~ in the phosphatidylcholine fraction of strain Ao/PR8/34, the zwitterionic phospholipids showed close similarities, whereas differences were noted in the acyl chain composition of the acidic phospholipid; the phosphatidylethanolamine of strain B/LE~/40 contained six times as much C2o:4 as did the AO/PR8/34 strain. Differences between strains were also prevalent in the polyunsaturated fatty acids of phosphatidylserine (e.g. C18:2, C2o:4, and C22:pr,ly .... in Table 2 ), These results are consistent with those of other workers who have demonstrated differences in the fatty acid profiles of individual phospholipids of plasma membranes. Thus, sphingomyelin of the surface membrane of L cells is rich in long-chain saturates (Weinstein et al. I969) , whereas phosphatidylethanolamine and phosphatidylserine from rat liver plasma membranes contain large amounts of arachidonic acid (Pfleger, Anderson & Snyder, ~968) . The differences observed between phosphatidylethanolamine and phosphatidylserine suggest that in chick cells the acidic phospholipids may be more labile than the zwitterionic phospholipids (e.g. sphingomyelin).
The mechanism by which these changes develop is not known; however, the favoured possibility is the utilization of different pre-existing species of phospholipid by structural proteins ofthevirus envelope. Other possibilities are the selective reacylation (van Deenen et al. I968) of monoacylglycerophosphatides or the de novo synthesis of phospholipids. These are less likely since the acyl coenzyme A: phosphoglyceride acyltransferase activity of chorioallantoic cells is depressed within 3o min. of infection with influenza viruses (Smith & Blough I97o) .
Recent studies in our laboratory suggest that in primary chick embryo cells infected with these Ao/wsN strain of influenza virus, phospholipid synthesis continues unchanged until 7 hr after infection (D. B. Weinstein and H. A. Blough, to be published); these findings differ from those of Kates et al. (I961) , who reported that, with the possible exception of phosphatidic acid, de novo synthesis ofphospholipid appears not to occur in calf kidney cells infected with the MEL strain of influenza. It should be noted that differences have not been shown in the physiological state of the host cell membranes after infection with different strains of influenza. 
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Results are expressed as percentage composition and are the mean of at least duplicate determinations for samples obtained from four different virus batches (each batch = I6oo eggs). Corresponding peak areas in duplicate determinations differ by about IO ~ (both major and minor fatty acids). Trace, < 0"5 ~; ND, not detected.
Detector response and linearity were standardized with quantitative methyl ester standards (Applied Science Laboratories). Individual fatty-acid esters were identified by comparing relative retention times with known standards (Applied Science Laboratories, Supelco, Inc.) on two different stationary phases. Peak areas were quantified using a disc integrator or a planimeter. ND = not done.
In contrast to studies in our laboratory (Blough & Lawson, t968; Tiffany & Blough, 1969) , it has been suggested by Klenk & Choppin (1969) that simian paramyxovirus (SV5) incorporates its lipid quantitatively into the virus envelope. We consider the 'minor changes' in long-chain unsaturated fatty acids of host cell surface membranes and SV5 particles, as reported by Klenk & Choppin (1969) , to be significant, since we estimate that only about 2o ~ of the fatty acid chains of the influenza virus envelope are hydrophobically bound to the basal virus structural protein (Blough, 1969; Tiffany & Blough, ~97o) .
While it is plausible that the conditions of the multiple growth cycle in ovo may be responsible for some of the observed differences, it must be pointed out that the release of myxoviruses from the surface membrane of cells is a continuous process, even if infection is synchronous. Furthermore, it is not known that the lipid composition of the membrane is uniform, or whether polar lipids occur in patches. The results of this study are consonant with the hypothesis of membrane structure as a lipoprotein complex in which the envelope structural proteins select certain species of phospholipids which are most stably bound to the envelope polypeptides (Tiffany & Blough, 1969) .
